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These microscopes scan the movement of a tiny probe tip as it 
travels over a sample’s surface. They create three-dimensional 
images that visualize individual atoms. These instruments also 
provide researchers with immediate feedback as they modify 
samples. This allows operators to manipulate atoms and build 
tiny structures. Common types of scanning probe microscopes 
include the scanning tunneling microscope (or STM) and the 
atomic force microscope (or AFM).
Developed in the early twentieth century, electron microscopes 
produce images by focusing a beam of electrons on the specimen. 
This technique allows for imaging at a much greater magnification 
than with an optical microscope. Whereas scanning electron mi-
croscopes (or SEMs) shoot a beam of electrons off of samples to 
produce brilliant three-dimensional images, transmission electron 
microscopes (or TEMs) send a beam of electrons through samples 
to achieve images at a very high resolution.  
The modern optical microscope is a direct descendant of Leeuwenhoek's 
17th-century invention.  It uses light rays and lenses for focusing 
images. Often modern optical microscopes now incorporate computer 
software that allows scientists to manipulate images through automatic 
focusing or combining multiple images into a single view. Two benefits of 
optical microscopes include their low cost and the ability to view living 
cells.
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Researchers employ a wide variety of highly sophisticated microscopes to explore at the nanoscale. 
All these instruments produce images that are indirect representations of matter too small to see. 
Scientiests began using electron microscopes in the 1930s and scanning probe microscopes 
emerged in the 1980s, but newer technologies do not necessarily replace older instruments. Rather, 
each type of microscope offers a different set of tools for gathering information, and the information 
revealed spurs researchers to ask new questions.
C H O O S I N G  A N
I N S TRUMENT
Red blood cell approximately 8 µm in diameter taken 
with an AFM (Nanoscope IIIA) 
Red Blood Cells taken with an SEM (FEI Quanta 200) 
at a magnification of 10000X 
Red blood cells viewed in an optical Olympus IX81 confocal microscope, 
operating in transmission mode at a magnificationof 600X 
E Red blood cell taken with a TEM (Hitachi H-8000) at a magnification of 6000X. 
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Atomic force microscope housed at the USC W.M. Keck Laboratory for Bionanoparticle Technology Discovery 
and Development // Image courtesy of Chris Toumey, NanoCenter, University of South Carolina
Scanning Electron Microscope housed at the USC Electron Microscopy Center Optical microscope housed at the USC Electron Microscopy Center
COMPARE & CONTRAST: See how different microscopes produce distinct images of red blood cells. * Images courtesy of Chris Toumey, NanoCenter, University of South Carolina
